Objective: A quantitative analysis of expenditure on all fresh foods, fruit & vegetables (F&V) 6 and fish, across urban and rural households in Scotland. Fresh foods were chosen since, in 7 general, they are perceived to contribute more to health than processed foods. 8
A recent report concluded that households in remote rural Scotland require higher incomes 29 to attain the same minimum acceptable living standard as those living elsewhere in the UK 30 (1) . This was, in part, due to the higher cost of certain types of products and services 31 including food. In support of this, Dawson et al. (2) reported that the average price of a basket 32 of 35 'healthy' products including fruits, vegetables, low-fat dairy products and high 33 carbohydrate and protein items across Scotland was highest in rural compared to urban 34 areas. Higher purchase costs are often reported as a perceived barrier to adopting healthier 35 diets (3) . Healthier diets do tend to be more expensive than less healthy diets (4) , partly 36 because fresh fruits and vegetables, which comprise a large component of a healthy diet, 37
are expensive compared to energy dense, highly processed foods (5) . 38
39
In addition, availability of healthy foods may be fundamental to adopting healthier diets by 40 consumer groups. The term 'food-deserts' refers to areas of the country where consumers 41 have limited access to healthier food choices (6) . Although their existence in the UK has been 42 disputed, spatial variations in access to healthy foods in terms of availability of products as 43 well as price do exist (2) . This appears to be especially true for rural areas, where absence of 44 retail provision can create significant difficulties for consumers to access healthy food. In 45 rural areas, the distance that householders have to travel for food retail shopping is greater 46 than in urban areas (7) , and therefore, most rural households use their closest major 47 supermarket to shop once a week or once a month, whereas local convenience stores and 48 small shops are often considered as a source of secondary shopping (8) . However, access to 49 supermarkets does generally improve the availability of healthy food, in addition to lowering 50 prices (6, 9) . 51 52 Fresh foods are defined as those that have not undergone any processing and are therefore 53 in their raw state. Assessing access to, and average prices of fresh food is important 54 considering that this is perceived as a healthier option compared to processed or preserved 55 food for a number of reasons. These include lower salt levels and potentially higher nutrient 56 levels. Indeed, processed red meats may contain up to four times more salt than fresh meats 57 (10) , perhaps explaining why fresh meat consumption has a low correlation with incidence of 58 cardiovascular disease (CVD), whereas consumption of processed meat is positively linked 59 to CVD (11) . In addition, consumption of fresh and frozen fruit and vegetables is linked to 60 reduced risk of mortality, CVD (12) and cancers of the pharynx, lung, mouth, stomach and 61 oesophagus (13) . Also, consumption of fish products and the marine fatty acids 62 eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) is associated with a lowerF o r P e e r R e v i e w 3 risk of CVD (14) . 64
65
In this study, therefore, we have examined whether there are differences in expenditure on 66 fresh food products generally, or on fruits and vegetables and fish specifically, between 67 urban and rural areas of Scotland. Note that, in defining fresh foods, some 'fresh to frozen' 68 foods were also included where freezing was considered an essential part of harvesting and 69
where the nutritional quality of these foods is considered similar to the unfrozen equivalent. 70
Furthermore, we investigated whether purchasing behaviour differed according to outlet whilst 13% of households were in small towns (UR6 3 and UR6 4) and 18% in rural areas 150 (UR6 5 and UR6 6) ( Table 2) . 10% of reporting households were in remote areas and had to 151 drive for 30 minutes or more to a settlement of >10,000 people. UR6 1 (large urban) had the 152 lowest number of people per household, and the lowest number of children per household, 153 whereas UR6 4 (remote small towns) had the highest number of people and children per 154
household. The distribution of life stage was not significantly different across UR6 groups 155 (p=0.169), or between urban and rural households (p=0.081). There was a higher proportion 156 of households with lower income bands in rural than more urban areas (p=0.003). On 157 average, households in UR6 3 (accessible small towns) and UR6 5 (accessible rural areas) 158 lived in less deprived areas, whereas households in UR6 1 (large urban) lived in more 159 deprived areas (Table 2) . 160
161
Across the urban-rural categories from UR6 1 through to UR6 6, there was a significant 162 linear increase in both weekly expenditure (in £) and in amounts (in kg) of total fresh foods 163 and fruit & vegetables bought per adult equivalent (Table 3) . Consequently, rural households 164 (UR6 5 or UR6 6) recorded the highest expenditure, and bought the most amounts, of these 165 products. Overall, expenditure on vegetables was approximately 20% higher than that spent 166 on fruits. Household expenditure on, and amount bought of fish was more variable and did 167 not differ greatly between UR6 categories. This variability probably originates from the fact 168 that not all households purchased fish products -only 68%, 66%, 68%, 65%, 73% and 74% 169 of households reported any fish purchases throughout the year in UR6 1 to UR6 6, 170 respectively. Across UR6 categories, expenditure was highest on oily fish, but in general, 171 greater amounts of white fish were purchased, especially in rural households (Table 3) . 172
Mean per adult equivalent weekly expenditure on fresh foods, fruits and vegetables, and fish 173 differed across the seasons (p=0.003, p<0.001 and p=0.011 respectively), but there was no 174 significant interaction between season and UR6 (Figure 1) . A similar pattern was also seen 175 for the amounts of fresh foods, fruits and vegetables, and fish bought (p=0.136, p=0.005 and 176 p=0.009 respectively, Figure 2 ). For the amount of fish bought there was a significant 177 interaction between season and UR6 (p=0.036). 178
Expenditure per kg and per item were both significantly different (p < 0.001) across UR6 179 categories, and there were significant linear trends for decreasing expenditure per kg and 180 increasing expenditure per item from large urban to remote rural areas (p < 0.001). The (18) , and presumably also had a similar effect on 227 remote rural mainland households. Indeed, 99% of both rural and urban households in this 228 study reported at least some expenditure in major supermarket outlets, and the percentage 229 of shopping carried out through the internet was 2-3 times higher in rural versus urban areas 230 (Table 5) . We did find, however, that rural households reported a higher amount of 231 purchases from local shops compared with urban households, but this did not result in major 232 differences in the average price per kg of fresh food bought across UR6 categories. Both the 233 retail market and food marketing has changed significantly over the last 10 years, with an 234 increasing number of larger supermarkets opening in various locations including out-of-town, 235 making them readily available to the population, a phenomena also reported by Clarke and 236 Banga (19) . This generally leads to greater price competition with lower prices, wider choices, 237 and better quality across retail outlets (6, 9) . Therefore, the current findings provide evidence 238 that differences in spatial access to healthy food, at least those concerning fresh food 239 purchases, may have become less prevalent throughout Scotland. 240
We considered expenditure based on season, as availability and price may vary over a year. 241
Indeed, many different fruits and vegetables are harvested at different times of the year (20) , 242 but modern storage and transport systems now allow an almost continuous flow of produce 243 throughout the year, at least for products such as apples, onions and lettuce (21) . Other 244 items, such as berries, are more readily available and cheaper in season (22) . Slightly higher 245 expenditure on all fresh foods, and fruits and vegetables was evident in summer, across all 246 UR6 categories, and a similar difference was also seen in greater amounts of these foods 247 being bought during summer. 248
Our data do not explain why, in general, households in rural communities buy more fresh 249 foods compared with those in urban communities. Households in urban areas tend to eat out 250 (e.g. in restaurants or take-away food) more than do rural households (23) , which is not 251 captured in the data used in the current analyses. Therefore, rural households may be more 252 likely to report higher amounts of food and drink brought into the home than urban 253 households, even if total consumption is similar. Furthermore, a study from Sayer (24) 254 indicated that an older population in rural areas has a higher consumption of fresh products 255 as well as having more time for cooking, which may contribute towards a higher household 256 expenditure for fresh foods. However, in the current study, the distribution of household life 257 stage was not greatly different in rural versus the other UR6 categories. There may be 258 differences between urban and rural households in the contribution of home grown fresh 259 food to the diet, although in the UK, in 2012, this together with all other sources of free food 260 (such as gifts) only averaged 2.7% of all fresh fruit and vegetables entering the home. Free 261 eggs contributed 5.0% of the total amount of eggs (23) . 262 (27, 28, 29, 30) . 274
Cummins and colleagues (31) pioneered research into deprivation and food accessibility in 275
Scotland and since then a growing body of literature has supported the correlation between 276 deprivation and food accessibility (32, 33) , although some other studies have found the 277 opposite trend, i.e. greater healthy food availability in more deprived areas (34, 28) . The most 278 recent estimation of food intake from food purchase data in Scotland 19.0g/week in the most deprived. However, this difference was due to fewer consumers of 284 oil rich fish in the most deprived quintile, rather than lower intakes by consumers (35) . Our 285 data indicate that the majority of consumers have access to fresh foods generally, and to 286 fruits and vegetables and fish specifically. Therefore, lower purchasing levels may be 287 determined more by food choice, (including differences in the amount of food eaten outside 288 the home), and affordability as lower income households spend a greater proportion of their 289 income on food than do more affluent households, than by availability and differences in 290 price faced by consumers. 291
292

Limitations 293
The present study is subject to a number of limitations. The KWP panel may differ to some 294 extent from the general population as they report lower household incomes, are more likely 295 to be middle aged and have a greater proportion of multiple-adult households compared to 296 households participating in the Living Costs and Food Survey (36) . Also, there is evidence 297 that not all food purchases that are brought into the home are recorded by panel members, 298
with fruit and fish of the food groups appearing to be particularly affected, when compared to 299 (36) . Therefore, the amounts of produce 300 reported are likely to be underestimates across the UR6 categories. 301
302
Conclusions 303
In conclusion, this study showed that access to, and average price of, fresh foods in general, 304 and fruits, vegetables and fish in particular, are broadly similar between household living in 305 urban and rural areas. It was found that households in rural areas (UR6 5 and UR6 6) spent 306 the most, and bought the most amounts of fresh food products, amongst which are fruits & 307 vegetables and fish. Intervention policies to increase consumption of fresh foods should 308 therefore be mostly targeted at large urban areas and accessible small towns where the 309 lowest purchases on fresh food products (UR6 1 and UR6 3) occur. 310 Number of adults/household 1.9 (1.8;1.9) 1.9 (1.9;2.0) 2.0 (2.0;2.1) 1.9 (1.9;2.0) 2.0 (2.0;2.1) 2.0 (2.1;2. Data are represented as means ± 95%CI. * Some 'fresh to frozen' products were included in the analysis where freezing was considered an essential part of harvesting and where the nutritional quality of these foods is considered similar to the unfrozen equivalent. Data are represented as means ± 95%CI. * Some 'fresh to frozen' products were included in the analysis where freezing was considered an essential part of harvesting and where the nutritional quality of these foods is considered similar to the unfrozen equivalent.
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Cambridge University Press Public Health Nutrition shops (all stores that sell non-food as a main product).
* Some 'fresh to frozen' products were included in the analysis where freezing was considered an essential part of harvesting and where the nutritional quality of these foods is considered similar to the unfrozen equivalent. 
